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[57] ABSTRACI‘ 
The present invention relates to a lubricant for use at 
high temperature, comprising: (A) from 25 to 98% by 
weight of an arylalkyl silicone having a repeating unit 
represented by the general formula (I); and (B) from 75 
to 2% by weight of a fatty acid ester of a hindered 
alcohol. The lubricant of the invention is suitable for use 
as an engine oil. The general formula (I) follows: 

wherein R1 is an alkyl group containing from 1 to 6 
carbon atoms, and R2 is an alkyl group containing from 
1 to 3 carbon atoms or a hydrogen atom. 

17 Claims, N0 Drawings 
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LUBRICANT FOR USE AT HIGH TEMPERATURE 

BACKGROUND OF THE INVENTION 

A silicone-based synthetic oil has heretofore been 
used as a lubricant for use at high temperature, and it 
has been veri?ed that its evaporation loss at high tem 
peratures is small. Conventional silicone-based syn 
thetic oils, however, have disadvantages in that their 
load-carrying capacity is seriously low and they lack 
characteristics such as detergency which are required 
for the lubricant. In order to overcome the above 
described problems and further to give other character 
istics, it has been attempted to add various additives for 
lubrication, but with limited success since the additives 
are not soluble in the silicon-based synthetic oils. Hence 
they are not suitable for practical use. 
For lubricants being used in an engine of the adiabatic 

type, a super high-temperature gas turbine bearing, an 
engine with a turbo charger, and so forth are required to 
withstand temperatures as high as 200° C. or more, 
although the upper temperature limit of the conven 
tional lubricants for high-temperature use is 170°-180° 
C. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a lubricant 
which is free from the above-described disadvantages of 
silicon-based synthetic oil and can withstand high tem 
peratures of 200° C. or more. 

It has been found that the object can be attained by 
adding esters of hindered alcohols to a speci?c silicone 
based synthetic oil. 
The present invention relates to a lubricant for use at 

high temperature, comprising: 
(A) from 25 to 98% by weight of an arylalkyl silicon 

having a repeating unit represented by the general for 
mula (I): 

R2 

(wherein R1 is an alkyl group containing from 1 to 6 
carbon atoms, and R2 is an alkyl group containing from 
1 to 3 carbon atoms or a hydrogen atom), and having a 
kinematic viscosity as determined at 100° C. of from 5 to 
300 centistokes; and 

(B) from 75 to 2% by weight of an ester of a hindered 
alcohol and a fatty acid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Component (A) of the lubricant of the invention is an 
arylalkyl silicone having a repeating unit represented by 
the general formula (I) as described above. In the gen 
eral formula (I), R1 represents an alkyl group containing 
from 1 to 6 carbon atoms, such as a methyl group, an 
ethyl group, a propyl group, and a butyl group, and R2 
represents a hydrogen atom or an alkyl group contain 
ing from 1 to 3 carbon atoms, such as a methyl group, an 
ethyl group, and a propyl group. R2 may be linked to 
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2 
the aryl group of the general formula (I) at any or 0-, m 
and p-positions. 

It is necessary for Component (A) to have a kine 
matic viscosity as determined at 100° C. of from 5 to 300 
centistokes, preferably from 10 to 100 centistokes. 
As Component (A), silicone not having the repeating 

unit of the general formula (I), and silicone having a 
kinematic viscosity out of the range as defined above 
even if it has the repeating unit of the general formula 
(I), is not preferable. Because a lubricant prepared by 
using the above-described silicone has disadvantages in 
that heat resistance is insuf?cient, lubricating perfor 
mance is poor, and it has an insufficient ability to dis 
solve therein various additives for lubrication. 
On the other hand, a lubricant containing the arylal 

kyl silicone as used herein, which has a repeating unit 
represented by the general formula (I) and a kinematic 
viscosity within the range as defined above, is free from 
the foregoing disadvantages. 

Suitable examples of Component (A) include phenyl 
methyl silicone, methylphenylmethyl silicone, ethyl 
phenylmethyl silicone, phenylethyl silicone, phenylpro 
pyl silicone, phenylbutyl silicone, and propylphenyl 
hexyl silicone. 
Component (B) of the lubricant of the invention is, as 

described above, an ester of a hindered alcohol and a 
fatty acid. Various hindered alcohols can be used in the 
invention, including those compounds represented by 
the general formula (II): 

(wherein R3 to R6 are each a hydrogen atom, a hydroxyl 
group, a hydroxyl group-containing alkyl group, or an 
alkyl group, provided that at least one of R3 to R6 is a 
hydroxyl group or a hydroxyl group-containing alkyl 
group). Of the hindered alcohols represented by the 
general formula (II), those compounds in which the 
hydroxyl group-containing alkyl group and the alkyl 
group containing from 1 to 3 carbon atoms are pre 
ferred. Preferred examples of the hindered alcohols are 
polyhydric alcohols such as trimethylolpropane, tri 
methylolethane, pentaerythritol, neopentyl glycol, 2 
methyl-Z-propyl-l,3-propanediol, and the like. As well 
as the hindered alcohols of the general formula (II), 
compounds such as dipentaerythritol can be used. 
The fatty acid as used herein is not critical; that is, 

any fatty acid can be used as long as it is capable of 
reacting with the above-described hindered alcohols to 
form the corresponding esters. Typical examples are 
fatty acids containing from 5 to 30 carbon atoms, such 
as saturated straight chain fatty acids (e.g., caprylic 
acid, capric acid, lauric acid, myristic acid, palmitic 
acid, stearic acid, arachic acid, and behenic acid), or the 
corresponding branched chain fatty acids or unsatu 
rated fatty acids; dibasic acids (e. g., adipic acid, sebacic 
acid, and azelaic acid); and dimer acids, i.e., polymers of 
unsaturated fatty acids (e. g., oleic acid). Of these com 
pounds, unsaturated fatty acids such as oleic acid and 
linolic acid, and branched chain fatty acids such as 
isostearic acid are preferred. These fatty acids may be 
used as their derivatives (e.g., acid halides). In brief, any 
fatty acids capable of forming esters on reacting with 
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the hindered alcohols as described above can be used in 
the invention. 

It is preferred for Component (B) to have a kinematic 
viscosity as determined at 100° C. of at least 5 centi 
stokes, particularly from 8 to 50 centistokes. 
The amount of Component (B) compounded should 

constitute from 2 to 75% by weight, preferably from 10 
to 30% by weight of the total amount of Components 
(A) and (B). If the amount of Component (B) is less than 
2% by weight, the effect of Compound (B) is exhibited 
insufficiently, whereas if it is more than 75% by weight, 
the stability against oxidation of the ?nal lubricant un 
desiraly drops. 
The lubricant of the invention basically comprises 

Components (A) and (B). If necessary, however, vari 
ous additives such as amine-, phenol-, and dithiophos 
phoric acid-type antioxidants, sulfonate-, phenete-, 
phosphonate-, and salicylate-type detergent dispersants, 
sulfur/phosphorus-, and phosphate-type extreme pres 
sure agents, and oiliness agents can be added. 
Even if the lubricant of the invention is used at tem 

peratures as high as 200° C. or more, particularly about 
300° C., its evaporation loss is small and sludge is 
formed in lesser compounds. Furthermore the lubricant 
of the invention has a high ability to dissolve therein 
various additives, is of high storage stability, and is 
superior in load-carrying capacity. 
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Hence the lubricant of the invention is suitable for the 

lubricant of machine elements subjected to high temper 
atures of 200° C. or more, particularly in internal com 
busion engines; that is, is suitable for use as an engine oil. 
The present invention is described in greater detail 

with reference to the following Examples and Compar 
ative Examples. 

EXAMPLES 1 TO 12, AND COMPARATIVE 
EXAMPLES 1 TO 6 

Lubricants having the formulations described in the 
Table were prepared, and their physical properties 
were measured. The results are shown in the Table. 
The following physical properties were tested. 
Test of Thermal Stability: 
A lubricant sample (30 grams) was placed in a beaker 

as speci?ed in FIG. 153 of I IS K2839 and maintained at 
320° C. for 3 hours. At the end of the time, the evapora 
tion loss and the formation of sludge were determined. 

Indiana stirring oxidation test: measured according to 
I IS K2514. 

Falex friction test of Load-Carrying Capacity which 
includes lubricating a bearing (a rotating steel journal 
contacting opposed stationary V-blocks) with the lubri 
cant being tested, and measuring load-carrying proper 
ties according to ASTM D3233. 

TABLE 

Lubricant-constituting Components 
jparts by weight! 
Component {A} 
Phenylmethyl silicone‘l 
4-Propylphenylhexyl silicone“2 
Dimethyl silicone‘3 
Component (B) ' 

Ester of trimethylolpropane and oleic acid“ 
Composite ester of trimethylolpropane, 
adipic acid, and stearic acid‘5 
Ester of pentaerythritol and oleic acid’6 
Additives 

Phenothiazine l l 
Phenyl-a-naphthylamine 
Calcium sulfonate (T EN = 25) 3 3 
Calcium phenate (T EN = 150) 
Barium phosphonate (TBN = 170) 5 5 
Tn'cresyl phosphate 
Physical Properties 
Test of Thermal Stability 
Evaporation loss (% by weight) 
Formation of sludge 
lléimwiqa?i 
Increase in viscosity (viscosity ratio) 
as determined at 40° C. 
Total acid value 
Falex friction test of Load-Carrying 
Capacity (LBS) 
Appearance 

30 50 

14 
None None 

3.0 1.3 

3.9 
900 

0.8 
700 

Good Good 

Example 
10 ll 

Lubricant-Constituting Components 
(parts by weight) 
Component {A} 
Phenylmethyl silicone‘l 
4-Propylphenylhexyl silicone‘2 
Dimethyl silicone‘3 

7O 
90 

Component (B) 
Ester of trimethylolpropane and oleic acid“ 
Composite ester of trimethyolpropane, 

50 

50 

19 
None 

1.8 

0.9 
700 

Good 

Example 
4 5 6 7 8 9 

70 70 90 90 95 
70 

30 30 
30 

i2 9 
None None 

14 
None 

15 
None None None 

1.6 1.8 1.8 

0.2 
600 

L5 
700 

10 . 15 

700 
. 1.5 

700 700 
0.2 

600 

Good Good Good Good 

Comparative Example 

Good Good 

12 1 2 3 4 5 6 
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TABLE-continued 

adipic acid, and stearic acid‘5 
Ester of pentaerythritol and oleic acid‘6 
Additives 

Phenothiazine 
Phenyl-a-naphthylamine 
Calcium sulfonate (TBN = 25) 
Calcium phenate (TBN = 150) 
Barium phosphonate (T EN = 170) 
Tricresyl phosphate 
Physical Properties 
MMHIL 
Evaporation loss (% by weight) 
Formation of sludge 
Wm; 
Increase in viscosity (viscosity ratio) 
as determined at 40° C. 
Total acid value 
Falex friction test of Load-Carrying 
Capacity (LBS) 
Appearance 

30 

10 
None 

13 
None 

1.9 1.8 

0.5 
600 

1.5 
700 

Good Good 

14 
None 

1.9 

1.4 
700 

Good Good 

8 _a8 
None 

70 
None None Formed 

1.1 3.3 3.6 4.5 

0.2 
300 

6.7 
1000 

11.0 
1100 

13.0 
1000 

*8 Good Good Good 

Note: 
“Silicone SH 500 (30 centistokes) (produced by Toray Co., Ltd.) 
“Silicone SH 203 (150 centistokes) (produced by Toray Co., Ltd.) 
“Silicone SH 200 (20 centistokes) (produced by Toray Co., Ltd.) 
"Unister H-381R (produced by Nippon Oils & Fats Co., Ltd.) 
'sUnister C-3373H (produced by Nippon Oils & Fats Co., Ltd.) 
‘GUnister H-48lR (produced by Nippon Oils & Fats Co., Ltd.) 
“Viscosity: 30 centistoks (100° C.) 
“Impossible to measure because of insolubility and separation. 

What is claimed is: 
1. A lubricating oil for lubricating bearing useful at 

high temperatures of 200° C. or higher, comprising: 
(A) from 25 to 98% by weight of an arylalkyl silicone 

having a repeating unit represented by the general 
formula (I): 

R2 

wherein R1 is an alkyl group containing from 1 to 
6 carbon atoms, and R2 is an alkyl group containing 
from 1 to 3 carbon atoms or a hydrogen atom, and 
having a kinematic viscosity as determined at 100° 
C. of from 5 to 300 centistokes; and 

(B) from 75 to 2% by weight of a fatty acid ester of a 
hindered alcohol. 

2. The lubricating oil of claim 1, wherein the lubricat 
ing oil is an engine oil. 

3. The lubricating oil of claim 1, wherein the arylal 
kyl silicone has a kinematic viscosity as determined at 
100° C. of from 10 to 100 centistokes. 

4. The lubricating oil of claim 1, wherein the arylal 
kyl silicone is a compound selected from the group 
consisting of phenylmethyl silicone, methylphenyl 
methyl silicone, ethylphenylmethyl silicone, phenyl 
ethyl silicone, phenylpropyl silicone, phenylbutyl sili 
cone and propylphenylhexyl silicone. 

5. The lubricating oil of claim 1, wherein the hindered 
alcohol is one of the compounds represented by the 
general formula (II): 
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wherein R3 to R6 are each a hydrogen atom, a hydroxyl 
group, a hydroxyl group-containing alkyl group, or an 
alkyl group, provided that at least one of R3 to R6 is a 
hydroxyl group or a hydroxyl group-containing alkyl 
group. 

6. The lubricating oil of claim 5, wherein the com 
pounds represented by the general formula (II) are tri 
methylolethane, trimethylolpropane, pentaerythritol, 
neopentyl glycol and 2-methyl-2~propyl-1,3 
propanediol. 

7. The lubricating oil of claim 1, wherein the fatty 
acid is at least one compound selected from the group 
consisting of fatty acids containing from 5 to 30 carbon 
atoms, dibasic acids and dimer acids. 

8. The lubricating oil of claim 1, wherein the fatty 
acid ester of a hindered alcohol has a kinematic viscos 
ity as determined at 100° C. of at least 5 centistokes. 

9. The lubricating oil of claim 1, wherein the amount 
of Component (B) is from 10 to 30% by weight of the 
total amount of Components (A) and (B). 

10. The lubricating oil of claim 3, wherein the hin 
dered alcohol is one of the compounds represented by 
the general formula (II): 

wherein R3 to R6 are each a hydrogen atom, a hydroxyl 
group, a hydroxyl group-containing alkyl group, or an 
alkyl group, provided that at least one of R3 to R6 is a 
hydroxyl group or a hydroxyl group-containing alkyl 
group and wherein the fatty acid ester of a hindered 
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alcohol has a kinematic viscosity as determined at 100° 

C. of at least 5 centistokes. 

11. The lubricating oil of claim 10, wherein the arylal 

kyl silicone is a compound selected from the group 

consisting of phenylmethyl silicone, methylphenyl 
methyl silicone, ethylphenylmethyl silicone, phenyl_ 
ethyl silicone, phenylpropyl silicone, phenylbutyl sili 
cone and propylphenylhexyl silicone. 

12. The lubricating oil of claim 11, wherein the com 

pounds represented by the general formula (II) are tri 
methylolethane, trimethylolpropane, pentaerythritol, 
neopentyl > glycol and 2-methyl-2-propyl-1,3 

propanediol and wherein the fatty acid is at least one 

compound selected from the group consisting of fatty 

acids containing from 5 to 30 carbon atoms, diabasic 

acids and dimer acids. 

13. The lubricating oil of claim 12, wherein the 

amount of Component (B) is from 10 to 30% by weight 

of the total amount of Components (A) and (B). 

14. The lubricating oil of claim 3, wherein the hin 

dered alcohol is one of the compounds represented by 

the general formula (II): 
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wherein R3 to R6 are each a hydrogen atom, a hydroxyl 
group, a hydroxyl group-containing alkyl group, or an 
alkyl group, provided that at least one of R3 to R6 is a 
hydroxyl group or a hydroxyl group-containing alkyl 
group and wherein the amount of Component (B) is 
from 10 to 30% by weight of the total amount of Com 
ponents (A) and (B). 

15. The lubricating oil of claim 14, wherein the arylal 
kyl silicone is a compound selected from the group 
consisting of phenylmethyl silicone, methylphenyl 
methyl silicone, ethylphenylmethyl silicone, phenyl 
ethyl silicone, phenylpropyl silicone, phenylbutyl sili 
cone and propylphenylhexyl silicone. 

16. The lubricating oil of claim 15, wherein the com 
pounds represented by the general formula (II) are tri 
methylolethane, trimethylolpropane, pentaerythritol, 
neopentyl glycol and 2-methyl-2-propyl-l,3 
propanediol and wherein the fatty acid is at least one 
compound selected from the group consisting of fatty 
acids containing from 5 to 30 carbon atoms, dibasic 
acids and dimer acids. 

17. The lubricating oil of claim 16, wherein the fatty 
acid ester of a hindered alcohol has a kinematic viscos 
ity as determined at 100° C. of at least 5 centistokes. 

* * * * * 


